INTRODUCTION

45
Animals have intimate associations with bacteria. These bacteria are found on host surfaces, within reproductive organs of a variety of animals often harbor several different bacterial species. Microbes the different function of the organs involved in mating. In case members of a specific bacterial strain 126 invade the genital microbiome, mating should change the abundance of the given bacterial strain. To 127 test our predictions, we use a community ecology approach based on 16S rRNA sequencing data from 128 the genital microbiomes of four bedbug populations.
Composition of genital microbiomes
Genital microbiomes of virgin bedbugs harbored on average 25 (21; 28) SVs (mean and 95% confidence about genital microbiomes in insects. We could draw here parallels to gut microbiomes because they are also heavily influenced by influx of environmental microbes, but this is equally hypothetical.
Differences in microbiome composition between females and males have been found in whole body 188 homogenates or gut samples in a variety of species [18] [19] [20] . These differences could be explained by 189 different behaviors or feeding strategies, different functions of the two sexes in the ecosystem, or 190 different roles in reproduction. Despite a lack of studies investigating the origin of sexual dimorphism 191 in the microbiome, pronounced differences exist between the genital microbiomes of female and male 192 red-winged blackbirds 5 and bedbugs 16, 17 , respectively. Furthermore, our finding of organ-specific 193 bacterial communities within the same sex is in accordance with the varying microbiome composition 194 along the female reproductive tract in humans 52 . Either the different accessibility for OM or the 195 function of the organs could be responsible for such a specificity. To our knowledge, we provide 196 evidence for organ-specific genital microbiomes in female insects for the first time. We found mating-induced changes in the genital microbiomes of females and males regarding the 201 presence of specific SVs and their relative abundance as virgin and mated individuals harbored distinct 202 genital microbiomes (F1,355=1.938, R 2 =0.005, p=0.03) ( Figure S3 ). We found no interaction of organ and 
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In all populations, males and mated females shared bacterial strains that were not present in virgin 208 females ( Figure 1 ). In two out of four populations, mated males harbored bacteria that were present in females but not in virgin males. This does not necessarily indicate sexual transmission of these 210 strains since their prevalence did not differ between virgin and mated individuals of the same sex 211 (q>0.05). All bacteria found in mated but not virgin individuals that were not present in the 212 reproductive organs of the opposite sex occurred on the cuticle of virgin bedbugs.
213
Changes in strain composition can be caused by direct sexual transmission of OM, via ejaculate transfer 214 or being transferred from the male paramere or the female cuticle into the mesospermalege. Genital that bacteria that occur in mated but not in virgin individuals of one sex originate from the reproductive 217 organs of the opposite sex as well as from the cuticle. However, we found no significant differences in 218 the prevalence of these strains between virgin and mated individuals. A classical transmission study 219 could show whether sexual transmission and transmission of OM from the environment is a common 220 phenomenon in bedbugs.
222
Potential mechanisms affecting composition
223
We partitioned beta diversity, given as the Jaccard index, into nestedness (strain loss or introduction 224 of new strains) and turnover (replacement of strains) to analyze the potential mechanism of the 225 mating-induced change found in genital microbiomes. In 16 out of 24 cases the proportion of beta 226 diversity explained by SV turnover was higher than the proportion explained by SV nestedness (Table   227 2). In male organs, turnover was the dominant mechanism in 10 out of 12 cases, while in females both 228 mechanisms accounted for the composition change in half of the cases.
229
Against our expectations, there was potential transmission to males, indicated by a replacement of 230 resident with new bacterial strains. This is surprising because it is less likely for the male to be subject 231 to copulatory wounding and the distance between the environment and the internal reproductive 232 organs is larger compared to females. Thus, we would have expected invading microbes to be flushed 233 out via ejaculate transfer rather than to invade the internal reproductive organs. However, in case 234 males do not apply pressure to transfer the ejaculate, bacteria might reach the internal organs through 
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We expected that the genital microbiomes of females would be more affected by invading bacteria, 253 but the abundance change or its strength did not depend on sex. A high stability of the genital 254 microbiome is especially important for females because bacteria can enter the body more easily 255 compared to males. Bacteria might not only decrease survival 51 but also cause a trade-off between 256 immunity and mating and hence decrease fecundity. Such a reduction in fecundity after an immune 257 challenge has been found in dipterans, coleopterans, and orthopterans 55 and is likely to also exist in 
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We collected different reproductive tissues and cuticle samples from females and males (for sample 302 sizes see Table 1 ). Each sample was taken from a different bedbug since it is difficult to obtain all tissues collected using a sterilized glass capillary pulled to a fine point. Each tissue was transferred into an transferring whole females or males, whose paramere had been removed, into a tube. To evaluate found to be contaminants based on their prevalence in controls. We further removed all SVs that 357 occurred in only one sample and that had less than 0.01% of the total number of reads, as suggested by Caporaso et al. 72 . We verified the taxonomical assignment with Blast2Go 73 and its default options. order, family and genus level in 110 out of 149 SVs. In one of the mismatches, the BLAST hit with the 363 highest e-value and coverage belonged to an endosymbiont of C. lectularius, the unclassified 364 gammaproteobacterium mentioned by Hosokawa et al. 74 . We therefore changed the taxonomy 365 assignment of this SV. In seven out of the mis-assigned cases, all BLAST hits agreed on one genus and 366 we therefore changed the assignment. In 38 other cases there was no clear BLAST result. Hence, we 367 kept the Greengenes assignment for the levels that were congruent with the BLAST results and 368 changed the assignment of the other levels to "Unclassified". Information regarding sample type, read 369 numbers for samples and SVs, and assigned taxa can be found in the Supplement (Table S1- 
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To analyse the potential of sexual transmission, we extracted the SVs present in virgin individuals of 397 only one sex but in mated individuals of both sexes. We applied Fisher's exact tests to determine 398 whether the prevalence of each of these SVs differed between virgin and mated individuals. P-values 399 were adjusted with the Benjamini-Hochberg procedure.
400
We analyzed whether the different bacterial strains hosted by virgin and mated individuals are due to 401 a loss or introduction of specific strains (nestedness) or due to a replacement of resident bacterial 402 strains with introduced bacteria (turnover). To analyze the contribution of these two mechanisms, we 403 partitioned beta diversity, in this case given by the Jaccard index, into nestedness and turnover with 404 the function nestedbetasor in the vegan package 69 . Before applying this function, we produced a 405 presence-absence matrix that included all SVs present in each population, organ, and mating status.
406
With the package edgeR 70,75 we tested for differential abundance of SVs between the genital 407 microbiomes of virgin and mated bedbugs with the glmQLFit and glmQLFTest function. Normalization 408 factors were calculated with the relative log expression 76 and applied to raw read counts. Contrasts
409
were built for every mating status within organ and population and p-values were adjusted with the the fixed effects population and sex, including their interaction. Groups were then compared with an 413 ANOVA. To analyze the effects of population and sex on the strength of abundance change given by 414 the absolute log2-fold change, we fitted a GLM with Gaussian error structure with the fixed effects sex 415 and organ nested within sex and population as the random factor. Normality of the data was restored 416 with the Box-Cox transformation (MASS package 77 ) and checked visually before groups were compared 417 with an ANOVA. Non-significant interactions were removed from the models. Parasitol. 27, 514-522 (2011 Table S3 Assigned taxa for each SV.
